Neutrinoless double beta decay (ββ) 0ν occurs through the magnetic coupling of dimension five, λ W > 1 the mass of the excited neutrino must not be gless than the Z boson mass, m Z . Since ν * contributes in the (ββ) 0ν decay as a vertual state, this decay will give an oppotunity to explore the much heavier mass region of ν * .
In order to obtain the constraint on the composite scale Λ, we have to specify the model. For the mirror type and the homodoublet type models, λ 
Introduction
If neutrinos are composite particles, there exist the excited neutrinos which couple to the ground state leptons by the dimension five magnetic coupling [1] , [?] . This interaction is expressed as [3] L int = g λ
where ν * is a heavy excited electron neutrino, L = (1 − γ 5 )/2, R = (1 + γ 5 )/2, m ν * is the mass demension which is of order the mass of ν * . This interaction is derived by the SU(2) × U(1)gauge invariant form and parameters η L and η R should satisfy the following constraints by the chirarity conservation [3] ,
The extensive search of ν * have been made by many groups [4] and found that m ν * > 91GeV by assuming that λ Z > 1 which is the coupling for ν * → eZ decay similarly defined to λ (ν * )
W . So far, the severe mass bound in the region m ν * > m Z is not obtained. The purpose of this paper is to explore the mass renge m ν * > m Z by using the neutrinoless double beta decay (ββ) 0ν by assuming that ν * is a massive Majorana neutrino.
Then the (ββ) 0ν decay occurs through ν * exchange. Since ν * enters as a virtual state, we can investigate heavy ν * . Panella and Srivastava [5] was the first to investigate (ββ) 0ν
decay, but unfortunately their formula is incorrect. Here we shall present the correct expression for the decay .
We start from the interaction in Eq.(1) which leads to the effective four point interaction between leptons and hadrons as
where J † ν is the hadronic current and
I 2 Decay formula of neutrinoless double beta decay
In the second order perturbation of the effective interaction in Eq.(3), the (ββ) 0ν decay takes place and the S-matrix for this decay is given by
where e C is the charge conjugation of e, i.e., e C = Cē T . In the follwoing, we take the S-wave of electron wave function which is given by
where ǫ is the energy of electron and F 0 (Z, ǫ) is the relativistic Coulomb factor defined in 
where
Now we perform the q 0 integration first and then do the x 0 and y 0 integration. We found
where √ 2! in the denominator is the statistical factor. In this expression, q 0 = ω = m 2 N + q 2 with q =| q | which comes from the pole at q 0 = ω of the neutrino propergator.
The contribution from the q 0 = −ω pole turns out to be equal to the one from q 0 = ω pole in the approximation to keep S-wave of electron wave function.
So far our formulae is exact up to the S-wave approximation of electron wave function.
Next, we make following approximations: (1) We take the closure approximation where E n is replaced by the average value < E n > so that the sum of the intermediate states can be taken. (2)ǫ 1 and ǫ 2 in the numerator is neglected,
. Here we replaced E i and E f by their masses M i and M f . The approximation (2) and (3) are valid because ǫ 1 and ǫ 2 are of order 1MeV
which is much smaller than ω = m 2 N + q 2 , the average value of q which is of order 1/R with R beeing the nuclear radius and µ 0 m e .
With these approximations, we get
Now we use the identity {σ µν , σ ρσ } = 2(g µρ g νσ − g µσ g νρ − iǫ µνρσ γ 5 ) and the nonrelativistic approximation of the hadronic current as
where r n is the position of the n-th nucleon in the nucleus and F (q 2 ) is the form factor defined by
with the value m A = 0.85MeV. We obtain
where r nm = r n − r m . It should be noted that m 2 N g νσ , q 0 q 0 = ω 2 and q j q l terms contribute only to 0 + → 0 + transition, while q 0 q j = ωq j term contributes to 0
The 0 + → 2 + transition does not occur because we keep the S-wave of electron wave function.
In the following, we concentrate on the 0 + → 0 + transition. Sinc we consider a heavy composite neutrino m N is much greater than m A , we expand ω and ω + µ 0 m e in the q integration in the power of 1/m N . We find
Thus we obtain
where x A = m A r nm and neutrino potentials are
After taking the spin sum and performing the phase-space integration, we find the half-life of the transition of the neutrinoless double beta decay due to the heavy composite neutrino as
where G 01 is the phase space factor defined in Eq. 
Constraint from neutrinoless double beta decay
In the following, we analyse the constraint on the coupling by using the experimental half-life limit of 76 Ge which is measured by the Heidelberg-Moscow collaboration [8] ,
We derive the constraint on composite parameters from this data. By using the values of nuclear matrix elements obtained by Hirsch, Klapdor-Kleingrothaus and Kovalenko [7] ,
and the phase space factor G 01 = 6.4 · 10 −15 /yr given in Ref. 6 , we find the half-life of the
Ge is given by
By comparing this formula to the data, we find by taking,
Our formula in Eq. (21) is valif for the case where the excited neutrino is a Majorana neutrino which is much heavier than m A = 0.85GeV. In this case, the dominant term in Eq.(25) is the one which is proportional to the excited neutrino mass m N because µ 0 m e is of order 10MeV. Thus the constraint becomes a simple form as
4 Limit on the excited neutrino mass and the composite scale
Firstly, we shall discuss about the excited neutrino mass. If we assume that m N = m ν * , we obtain
This is the most stringent bound so far.
Secondly we discuss the bound on the composite scale. Since the relation between the coupling constant and the composite scale is model dependent, we have to confine some specific models [3] .
Sequential type model
We consider the sequential type model where the excited leptons are assigned as
where [ν * R ] indicates that there are two cases, with and without ν * R .
There are two kinds of gauge invariant interactions. If ν * R exists, the interaction is given by
where ℓ L is the left-handed ground state lepton doublet and φ is the doublet Higgs boson. This interaction gives the one in Eq. (1) with
where v is the vacuum expectation value of √ 2φ which is about 250GeV and ν * R mediates the decay.
If ν * R does not exist, the other type interaction will be present
This interaction gives
and ν * L meadiates.
For both cases, we find
Mirror type
In this model, the multiplet of the excited leptons are
The gauge invariant interaction is
which leads the coupling
and ν * R mediates. In this case, we find
Homodoublet type
In this model, the multiplet of excited leptons are
In this case, the gauge invariant interaction is the same as Mirror case so that we have the same coupling in Eq.(*) and ν * R mediates. Thus, we obtain
In the above, we obtain rather strong constraints on the mass of ν * and the composite scale. These constraints may be modified if there is a mixing for excited neutrinos. There 
as the one appeared in the neutrino mass contribution to the ordinary neutrinoless double beta decay. The mixing parameters are defined by
where N * j is the mass-eigenstate Majorana neutrino with the mass m j . The effective mass < m ν * > in essence comes from the Majorana mass of ν * L or ν * R . Thus, if the main part of ν * mass comes from the Dirac mass, then the constraint is not valid. In particular, if ν * is a Dirac particle, there is no constraint from the neutrinoless double beta decay.
